T he Comprehensive Care for Joint Replacement (CJR) model provides bundled payments for in-hospital care and care within 90 days following discharge for U.S. Medicare beneficiaries undergoing lower-extremity joint replacement (total hip, knee, or ankle arthroplasty). The financial burden of perioperative adverse events among value-based care models is shifted to the provider and/or hospital system responsible for the episode of care. Although the timing and breadth of CJR implementation are in flux, private insurance is also shifting away from fee-for-service to value-based purchasing of episodes of care 1 . Readmissions, emergency department (ED) utilization, and subspecialist wound-healing consultation are examples of costly contributors to 90-day post-discharge spending. Total hip arthroplasty and total knee arthroplasty have been reported to have a 5.3% to 9.7% 90-day readmission rate associated with nonwhite race, male sex, increased body mass index (BMI), presence of >2 medical comorbidities, increased length of hospital stay, and discharge to inpatient rehabilitation [2] [3] [4] . Comparatively little is known about factors that influence readmission rates after total ankle arthroplasty (TAA). Zaidi et al. reported a 30-day post-discharge readmission rate of 2.2% for primary TAA in the United Kingdom National Joint Registry, with approximately one-third of readmissions related to wound infection and one-quarter related to medical issues 5 . However, the relationship between 30-day readmissions and patient risk factors was not reported. Zhou et al. reported a 30-day readmission rate of 2.7% that was associated with male sex, history of community-acquired pneumonia, and increased comorbidity burden 6 . Additionally, LaMothe et al. reported a TAA 90-day readmission rate of 6.9% that was associated with increased length of stay following the index procedure and elevated Charlson-Deyo comorbidity index 7 . However, the specific risk factors contributing to readmission were not reported in these studies. With the convergence of increasing TAA utilization 6, 8 , patient comorbidity 9 , and value-based payment models, understanding risk factors specific to 90-day post-discharge readmission, ED utilization, and subspecialist wound-healing consultation is critical to refining patient-selection strategies and operative planning. The study hypothesis was that patient comorbidities are associated with readmissions, ED utilization, and subspecialist wound-healing consultation.
Materials and Methods
Study Design, Variables, and Data Sources T his study is part of an institutional review board-approved, single-center, prospective, observational study evaluating the functional outcome and satisfaction of patients undergoing TAA for tibiotalar osteoarthritis between June 13, 2007 , and December 15, 2016 (ClinicalTrials.gov identifier: NCT01986244). In this study of prospectively enrolled patients, records were retrospectively reviewed to determine patient and operative factors associated with hospital readmission, ED visitation, and subspecialist wound-healing consultation within 90 days of discharge following the index procedure, consistent with the CJR bundledpayment plan time frame. Unplanned office visits alone did not count toward the primary outcomes of readmission, ED visitation, and subspecialist wound-healing consultation. The minimum patient age was 18 years. Other than patient age, there were no exclusion criteria. Outcomes were recorded through a review of patient records and telephone calls and were further divided into TAA-related or non-TAA-related. This study was designed and reported in accordance with the STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) statement 10 . Age was defined as the age at the time of the index operation. Sex was defined on the basis of patients' self-reported sex. Because of the high proportion of white race in the study population, race was defined in a binary fashion, as either white or nonwhite. BMI was defined in the standard fashion using patients' height and weight recorded before or as close to the index operation as possible. The American Society of Anesthesiologists (ASA) score was determined by reviewing records from the anesthesiology department. Smoking status was defined as active, prior, or never smoker. Prior surgery on the ipsilateral ankle was determined through a review of patient records. The involved ankle was noted as left, right, or bilateral. Some patients underwent replacement of both ankles, at separate operative dates. In these cases where medical comorbidities could have changed in the intervening time frame, operations were analyzed as if they had been performed on separate patients. The implant manufacturer was noted. Any additional procedure (removal of hardware, lateral ligament reconstruction, Achilles tendon lengthening, etc.), length of hospital stay, and complete 90-day post-discharge in-office follow-up were recorded.
The major comorbidity indices, Elixhauser 11 and CharlsonDeyo 12 , were used to identify patient risk factors. These indices were developed to predict hospital length of stay, hospital charges, in-hospital death, and 1-year mortality. Elixhauser and Charlson-Deyo comorbidities were recorded using previously established diagnosis code sets 13 that had been listed in patient records up to the date of surgery and supplemented with a review of records. The Charlson-Deyo comorbidity index was calculated in a manner previously described 14 . Briefly, the score is the sum of multiple key comorbidities. Higher scores indicate greater patient comorbidity. Certain comorbidities, such as metastatic cancer, have greater values (6 points) than other comorbidities, such as peripheral vascular disease (1 point), do. Finally, 1 additional point is added for each decade of life >40 years.
Missing Data
Since patients were routinely asked about their intervening medical care, such as readmission, ED visitation, and subspecialist wound-healing consultation, while in regular follow-up, patients with incomplete 90-day post-discharge follow-up may have had unreported episodes of care. To increase sensitivity to these potential unreported episodes of care, patients with incomplete in-office 90-day follow-up were contacted via telephone or e-mail to determine whether they had had a hospital readmission, ED visitation, or additional medical consultation within 90 days post-discharge. Length of hospital stay, BMI, ASA score, and smoking status could not be obtained for some patients because of inadequate patient records. In these cases, missing data are noted in the tables.
Bias
One potential source of bias included the use of comorbidity data that had been formally coded by the time of patients' index procedures. To reduce this bias and increase sensitivity to potential uncoded patient comorbidities, history and physicalexamination notes, pre-anesthesia testing notes, and discharge summaries were reviewed for additional uncoded comorbidities. Additionally, all postoperative notes within 90 days postdischarge were closely reviewed for any record of readmission, ED visitation, or wound-healing consultation to the authors' institution or outside hospitals.
Statistical Analysis
Descriptive statistics, including means with standard deviations (SDs) or proportions and percentages, were displayed for baseline data. Continuous variables (age, BMI, ASA score, number of additional procedures, length of hospital stay, and Charlson-Deyo comorbidity index) were assessed for normality with use of the Shapiro-Wilk test. Age was the only continuous variable that was normally distributed. BMI was normally distributed after log-transformation; however, the other variables remained non-normally distributed despite logtransformation and square-root transformation. Comorbidity index, ASA score, and length of hospital stay in days were analyzed in a binary fashion to determine whether they were >2. The number of additional procedures was analyzed in a binary fashion on the basis of whether there were any additional procedures. Univariate statistical analyses were first performed to determine the relationship of patient and operative factors on each of the following binary outcomes: allcause 90-day post-discharge readmission; 90-day readmission that would not be excluded from CJR bundled payments; any TAA-related readmission or ED visitation; and any wound complication necessitating readmission, ED visitation, or outpatient wound-healing consultation. Statistical tests on these categorical outcomes included chi-square analysis for categorical inputs and Student t tests for continuous inputs with use of JMP Pro (version 13.0.0; SAS Institute). P values of <0.05 were considered significant. Because none of the variables analyzed in transformed or binary fashion were statistically associated with outcomes, only the continuous results are shown. When >1 factor was significantly associated with 1 of the outcomes in univariate analysis, multivariable main-effect outcome models were constructed. On the basis of studies involving total hip arthroplasty and total knee arthroplasty, multivariable main effect models that incorporated age, sex, race, BMI, Charlson-Deyo comorbidity index, ASA score, any additional procedures at implantation, prior surgery, and current smoking were used to evaluate the effect of each comorbidity with >3% prevalence on all study outcomes.
Results

O f 1,365
TAAs performed at this institution during the study time period (June 13, 2007, to December 15, 2016), 1,037 TAA patients were enrolled in a prospective database collecting patient factors, operative variables, and outcomes. Of these 1,037 patients, 95% (986) returned to this institution for follow-up within and beyond the 90-day post-discharge time period. The remaining 51 patients either had no follow-up or had <90-day post-discharge follow-up at our institution. 
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Patients with incomplete 90-day post-discharge follow-up were contacted to identify any readmission, ED visitation, and subspecialist wound-healing consultation. Of these 51 patients, 38 were successfully contacted, for a study population of 1,024 patients with complete 90-day follow-up. Figure 1 displays the Consolidated Standards of Reporting Trials (CONSORT) studyenrollment flow diagram. Table I shows the demographics, operative characteristics, and comorbidities for the study population. Patients had a mean age of 63 years, a mean BMI of 29.8 kg/m 2 , and a mean ASA score of 2.4. Forty-eight percent were female, 94% were white, and 4% were current smokers. Fifty-six percent had had prior ankle surgery. Inbone prostheses (I and II; Wright Medical Group) represented 38% of the implants, while Salto Talaris (Integra LifeSciences) and Scandinavian Total Ankle Replacement (STAR; Stryker) each represented approximately 25% of the implants. Infinity prostheses (Wright Medical Group) represented the remaining 13% of prostheses. Sixty-nine percent of patients had ‡1 additional procedure, such as removal of hardware, lateral ligament reconstruction, or Achilles tendon lengthening, performed at the time of TAA. The mean length of the hospital stay was 1.4 days. The mean Charlson-Deyo comorbidity index was 3.1 points. Uncomplicated hypertension was the most common comorbidity (59%), followed by obesity (27%), a solid tumor (24%), depression (22%), rheumatoid arthritis or collagen vascular disease (20%), cardiac arrhythmia (15%), hypothyroidism (13%), diabetes mellitus without chronic complication (13%), chronic pulmonary disease (12%), and deficiency anemia (10%). The remaining comorbidities had a prevalence of <10% in the study population.
Hospital Readmissions
Fifty-three patients (5.2%) were admitted to the hospital for any cause in the 90-day post-discharge period. Figure 2 shows the distribution of causes of admission for these patients. All readmissions were separated into TAA-related and non-TAArelated. Of these 53 patients with any readmission in the 90-day post-discharge period, 36 (68%) were readmitted for TAArelated causes. The most common cause for TAA-related readmission was a wound complication (often for irrigation and debridement, plastic-surgery coverage, and/or antibiotics). Other common TAA-related readmissions were for deep venous thrombosis or pulmonary embolism work-up, hardware complications (periprosthetic fracture, revision following nonunion, or removal of hardware associated with pain), and pain control. Non-TAA-related readmissions were further split into planned and unplanned. Planned readmissions in this series were exclusively composed of elective orthopaedic procedures, while unplanned readmissions were related to urgent general surgical or medical causes, such as cholecystitis, acute coronary syndrome, and pneumonia. Some patients were readmitted for multiple separate causes within the 90 days following discharge. For this reason, the TAA-related and non-TAA-related readmissions total 54 (as compared with 53) and the TAArelated causes total 42 (as compared with 37).
Emergency Department Visitation Not Necessitating Readmission
Thirty-six patients (3.5%) returned to the ED for management but were not admitted to the hospital (Fig. 3) . Twenty-seven (75%) of these patients made ED visits that were TAA-related. Deep venous thrombosis and pulmonary embolism work-up dominated the causes of TAA-related ED visitation, although wound complications were also prevalent. One patient declined to come to the clinic for a regularly scheduled followup visit, for unclear reasons, and was evaluated in the ED. All-cause 90-day post-discharge hospital readmissions divided into TAArelated and non-TAA-related causes. Several patients were readmitted on multiple separate occasions, and the total number of readmissions is listed below each category. DVT = deep venous thrombosis, and PE = pulmonary embolism. All-cause 90-day post-discharge ED visitation for patients without any subsequent readmission is divided into TAA-related and non-TAA-related causes. One patient visited the ED for both TAA-related and non-TAA-related reasons, so the total number of cause-specific ED visitations is greater than the total number of patients who had any 90-day post-discharge ED visitation without readmission (n = 36). Also, 1 patient had 2 TAA-related visits. The total number of visits is also displayed. DVT = deep venous thrombosis, and PE = pulmonary embolism. Breakdown of readmissions, ED visitations, and subspecialist consultation for wound-healing complications (n = 56). To avoid double-counting patients, only the highest level of care for each patient within 90 days postdischarge was noted on the figure. For example, a patient may have been followed by the division of plastic surgery on an outpatient basis for delayed wound-healing, been evaluated in the ED as part of an admission work-up, and then been admitted for operative management of the wound. In cases such as these, the patient would only be counted in the readmission category.
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Urgent medical evaluations made up the bulk of non-TAArelated ED visits without any subsequent 90-day post-discharge readmission.
Wound Complications
Wound complications included concern for infection or delayed healing. Readmissions for wound complications were dominated by the need for assisted wound closure in the setting of presumed infection or delayed wound-healing. Similarly, 7 patients had removal or exchange of hardware following a periprosthetic infection. Notably, 1 patient needed a belowthe-knee amputation secondary to infection. The plasticsurgery division was consulted for outpatient management of wounds in 21 patients. Six patients presented for evaluation at the ED for infection concerns relating to a wound involving the operative ankle. One patient presented at the ED for cellulitis at the tibial tubercle guide-pin site (Fig. 4) .
Association Between Patient and Operative Factors and Outcomes
As shown in Tables II and III , there were no significant associations between individual comorbidities that had a prevalence of >3% and the outcomes of all-cause 90-day readmission, CJR-included readmission, TAA-related ED visitation or readmission, or wound complications in multivariable main-effect models that incorporated baseline and operative factors. Table III includes current smoking in the multivariable analyses. Univariate analyses are shown in Tables E-1 through E-4 in the Appendix. The presence of congestive heart failure (10.7% with wound complication versus 2.2% without wound complication; p = 0.003) and absence of peptic ulcer disease (0% with wound complication versus 5.1% without wound complication; p = 0.017) were each associated with wound complications in in univariate analysis while the presence of drug abuse (3.1% with wound complication versus 0.1% without wound complication; p = 0.006) was associated with TAA-related readmissions or ED visitation. Several comorbidities had a higher prevalence in the group with wound complications, although the differences in comorbidity prevalence did not reach significance: peripheral vascular disease 
Discussion
I
n an evolving era of value-based payment plans, understanding root causes of health-care overspending in the perioperative time period is becoming important to orthopaedic surgeons. To our knowledge, this is the first study to attempt to identify risk factors leading to 90-day hospital readmission and ED visitation among patients undergoing TAA. In our series with 1,024 TAA patients, the 90-day postdischarge readmission rate was 5.2%. Of these readmissions, TAA-related readmissions totaled 3.5% of patients while 4.4% had a readmission that would count toward the bundle. Although LaMothe et al. and Zhou et al. determined that higher Charlson-Deyo comorbidity index and increased length of hospital stay were associated with 90-day readmission, neither of these factors were significantly associated with any of our study outcomes 6, 7 . The current study further analyzed specific comorbidities and determined that none of the Elixhauser and Charlson-Deyo comorbidities were significantly associated with the outcomes of all-cause 90-day post-discharge readmission, TAA-related 90-day post-discharge readmission and ED visitation, or CJR-included readmissions in univariate or multivariable analysis.
Wound complications made up the largest percentage of TAA-related readmissions, and 5.5% of patients had a wound complication necessitating readmission, ED visitation, or outpatient wound-healing consultation. These findings are consistent with the findings of Zaidi et al., who determined that approximately one-third of 30-day readmissions were related to wound infection 5 . Work-up for deep venous thrombosis and pulmonary embolism was the second most common reason for ED visitation. While diabetes, rheumatic disease, history of smoking, and prior surgery have been previously associated with wound complications after total knee arthroplasty 15 , only the presence of congestive heart failure and absence of peptic ulcer disease were significantly associated with an increased rate of wound complications in univariate analysis, and no comorbidities with >3% prevalence were significantly associated with wound complications in multivariable models adjusted for baseline and operative factors.
Although there is a plausible link between congestive heart failure and poor wound-healing related to decreased tissue oxygenation 16 , a biological link between the absence of peptic ulcer disease and wound complications is less clear. Other vascular risk factors were 2 to 3 times more common among patients with wound complications, but the differences were not significant. Surprisingly, diabetes was underrepresented among patients who had wound complications when compared with patients who did not have wound complications.
This study had limitations. First, hospital readmissions, ED visits, and wound complications were viewed as surrogates for costly post-discharge care. Decisions guiding patient readmission, ED visitation, and subspecialist wound consultation reflect institutional norms that may or may not be replicated in other practice settings. Further, there are other factors that likely contribute considerably to bundled-payment costs, such as in-hospital care and discharge disposition, which this study did not analyze. Cost data could further highlight any potential relationships between patient and operative factors and costly outcomes. Second, although records were reviewed for readmissions, ED visits, and wound-healing consultations, there may have been unreported episodes of care. This underreporting could lead to inappropriately low estimates of complications and reduced power. Further, 51 of the 1,024 patients had incomplete 90-day postoperative follow-up and were asked to recall whether they had had any hospital readmission, ED visitation, or subspecialist wound consultation. This type of data collection exposes the study to recall bias. A further limitation of this study is that we included patients regardless of payer status and implant type. This reduces the ability to directly apply the results of this study to patients eligible for CJR, since implant type and payer status may be different. However, 519 (50.7%) of the 1,024 patients were ‡65 years old, and all patients received modern, third-generation TAA components. Lastly, although to our knowledge this is the largest single-institution study to date to analyze the relationship between specific patient and operative factors and clinically relevant 90-day post-discharge outcomes, the overall complication rate was relatively low, which limits power to detect small changes in outcomes.
In conclusion, this large series of TAAs demonstrates that patient and operative characteristics were not clearly linked to 90-day hospital readmissions, ED visits, or wound complications. Modulating TAA bundled payments on the basis of comorbidities associated with total hip arthroplasty and total knee arthroplasty may not be advisable. While questions remain surrounding the timing and scope of implementing a bundled payment model, this study demonstrates that wound complications and concern for deep venous thrombosis and pulmonary embolism were the most common reasons for 90-day hospital readmission and ED visitation after TAA. Advancements in wound-healing therapies and prevention of, and screening for, deep venous thrombosis and pulmonary embolism could be important targets for improving value-based care.
